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<0 Nucleic acid extraction method. 



@ Nucleic acids are extracted from biological samples by pretreating the samples to release the nucleic acids 
and contaminating materials into an aqueous phase. Optionally, the samples may be extracted with an anionic 
detergent in an organic solvent prior to release of the nucleic acids. The aqueous phase is then combined with 
an organic phase in the presence of a cationic detergent capable of forming water insoluble complexes with the 
nucleic acids. Usually, a chelant will also be combined with the aqueous phase. The complexes are preferentially 
partitioned into the organic phase and are thus separated from the contaminating materials which remain in the 
aqueous phase. The nucleic acids may then be transferred back to a second aqueous phase by combining the 
organic phase with water in the presence of an inorganic salt selected to displace the detergent cation. After 

(^separation of the organic phase, the second aqueous phase containing the nucleic acids may be used for 

^conventional hybridization testing. 
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NUCLEIC ACID EXTRACTION METHOD 



BACKGROUND OF THE INVENTION 



5 1 . Field of the Invention 
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mo»h!!ir®^!I!* i"!'^"*'^" generally to microbial identification methods, and more oarticularlv tn 

assa^^istl^mTnn • ^^^^^^^f ^ microorganisms in biological specimens using nucleic acid hybridization 



30 



35 



40 



4S 



50 



2. Description of the Background Art 



SUMMARY OF THE INVENTION 



BNSDOCID: <EP_0338591A2J_> 



EP 0 338 591 A2 

displacement with the inorganic salt, allowing the nucieic acids to partition into the second aqueous phase. 
The second aqueous phase can then be separated from the organic phase and serve as the assay medium 
for conventional nucleic acid hybridization. 

The method of the present invention is advantageous in that It provides Improved separation of the 

5 nucleic acids from the biological samples, particularly in the case of complex biological samples such as 
feces and sputum where large amounts of potentially contaminating materials are initially present. Addition- 
ally, the method is non-hazardous to those involved in its performance as it does not require the use of 
toxic or otherwise dangerous reagents. Finally, the extraction protocol is simple and rapid. It may be 
performed with as few as two mixing and two separation steps, without the need to precipitate the nucleic 

70 acids and separate by centrifugation (although centrifugatlon may be performed in some cases). 

In the preferred embodiment, biological samples are suspended in a suitable buffer and pretreated with 
a detergent and enzyme (such as a lysozyme, cellulase and/or protease) to disrupt the outer membrane or 
coat of the pathogen and release nucleic acids, leaving a substantial residue of potentially contaminating 
substances (which are usually present in excess mass over the nucleic acids). The pretreated sample is 

75 optionally mixed with an anionic detergent, such as SDS. In an organic phase, typically an alcohol or 
alcohol/alkane mixture, in order to remove proteins and other cationic contaminants. The aqueous phase is 
then separated and combined with an organic phase containing the cationic detergent which combines with 
the nucleic acids to form complexes which are substantially Insoluble in water but soluble in the organic 
phase. A chelant. such as EDTA, will usually be present in order to inhibit binding between the nucleic 

20 acids and any endogenous divalent cations. The nucleic acid-detergent complex preferentially passes to the 
organic phase, and the organic phase is separated from the aqueous phase leaving the non-nucleic acid 
residue in the first aqueous phase. The nucleic acids may then be transferred back to a second aqueous 
phase by combination with the second aqueous phase in the presence of an inorganic salt which displaces 
the charged detergent and thus causes the detergent-nucleic acid complex to dissociate. A nucleic acid 

25 hybridization assay may then be performed on the second aqueous phase in a conventional manner. The 
assay normally provides a much lower background than if alternative nucleic acid extraction methods had 
been employed. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 illustrates a device and method for performing nucleic acid extractions according to the present 
invention without centrifugation. 
35 Fig. 2 illustrates a method for performing nucleic acid extractions according to the present Invention 

with continuous separation. 



DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

40 

Methods are provided for extracting nucleic acids from complex biological samples and performing 
specific nucleic acid hybridization assays- The methods rely on combining a sample pretreated to release 
the nucleic acids with a cationic detergent, usually in the presence of a chelant, in a first aqueous phase. 

45 The resulting nucleic acid complexes are substantially insoluble in low salt aqueous solutions and will 
partition into an admixed organic phase, leaving substantially all of the non-nucleic acid residue of the 
sample material in the first aqueous phase. The nucleic acids may then be recovered from the organic 
phase by combination with a second aqueous phase in the presence of an inorganic salt which effects a 
sharp transition In the solubility of the complex so that the nucleic acids -enter the second aqueous phase. 

50 Conventional hybridization assays may then be performed on the nucleic acids in the second aqueous 
phase. 

The biological samples of interest include virtually any type of specimen which may contain microor- 
ganisms of interest. Exemplary biological samples Include fecal samples, blood, plasma, serum, urine, 
sputum, semen, tissue samples, e.g., biopsies, and the like. Although primarily useful in detecting viral and 
55 bacterial microorganisms present in a sample, the method of the present invention may also be used for 
detecting endogenous nucleic acids in a host of interest, i.e.. from a cellular sample of the host. The 
method of the present invention will not differ significantly depending on whether endogenous or exogenous 
(microorganism) nucleic acids are being detected. The extraction method of the present invention will result 

3 
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in the release of most nucleic acids present in the sample regardless of source 

contSs" Of rS%rera"2r^^^^^^^^ 'eca, gastnc samples, or as 

and the like; bacteria, such as Sa/manllJ^ «n LT, as Adenovirus. Rotavirus. 

pylori). Clostridium difficile. Escherichia colivl^ZI^ !nf^^^^ ^- C. 

alticans. and the like; and proSSif sucf Si """S'"' ^"^^ ^'^^^ 

spp.. and the like. fnfamoeDa MstolyticaMcrosporiaium 

mayrr^Ldr:XrsS^^^ ^T-^*^- -PP- -plratory areas which 

Respiratory Syncytial Virus HunZ PaoSS^ u ^ . '"^^^ Adenovirus. 

Photrophic Viruses. CytomegaS H^aS A Immunodeficiency Virus. Human T-Cell Lym- 

such as Streptococcus pi^oS^tiG^s^^^^ bacteria. 
Haemophilus Mluer,zaeVst!phylococcls ^fSt^lw. ^''•^'"ococcas pnet/moo/ae. 

A/e/sser/a /nen/ng/T/tf/s. NelsXria Ton^^^^^^^^ Pseudomonas aerugir^osa. 

tuberculosis. Spirochaetales. sucfi Tr^SiS^H^f If '^y<=°''^oteriam 
Histoplasma capsulatum. CoccidioTes S Zl Z ^ l "^^"""'^ 
car/i7//. and the like. Protozoans, such as Pneumocystis 

and vi:^^rsuc^^ "^^^^^^^^^ and/or plasma,. 

Lymphotrophic ViruL and SkTbSr^^^^^^^^ 1*.'""'*'' ^ """^^ ^'Ce 

e.g.. proteases such as proteinase K oronase n^^n „r^! • . Proteolytic enzymes, 
from about 10 ug/m, to Jo mg/ml' ^or^suaVtSraSi^ oTmXT^ 

microorganism coat or envelope. Convenientiv micmo7nan^«^ J!l » *° "^''^^^Pt the 

and/or celluiases may be employed Semp L^^^^^^^ hydrolases, proteases, 

n/.erCyrap/,a,/.;,.LocrcnrS^ those from Aspergilius 

nucrr^dXsr cxs °; ^rrr^«r/; r-s ^t--* ^° ^--^^ - — 

anionic, cationlc. and non-ionic detergits s^^^s sodiur^ . f ^^'"^ ^^tergents Include both 

monium bromide (CTAB). and Triton 00 aTconintr^^"^ ^^^^^ cetyltrimethylam- 

usually 0.05 to 0.15% by weight T^e prJ^e^ted s^nTw?^ T '"""^ '° ^^'S^t. more 

15 minutes to 1 hour at a^em?erature^nTe^t^gVSl;r2^ C t^iT" ^ °^ ^''^^^ 

material iSriis i^rnUnciiTr:rb;^^^^ r^^^-^--^ 

nucleic acids from this complex mixture with a maLL « . '° ^^^te the 

minimum carry-over Of the poLtiallyt ntal^Lt^nrmir^^^^^ °' ""'^'""^ "^^'^'^ « 
solve°n?t??p;£7rS^rsrj^^^^^^ ^ .--'^ - — on'c detergent in an organic 

detergents include SDS. )a^ryTiSS^lS^'Z2T^. '^'^'^'"'^ ^^'"P'^^- ^"'table anionic 

salts, deoxycholate salts. ghr?oc^Sr;iite '^^ '^'^^'^'^ 1-decanesufonate 
salts, and the like. PrefeaS^rJ^'^'e rSD???,:^^^^^^^ 5.: T'^'^'^*^ f'^" *-°«^-'<Vcholat: 

or hexanol/octane (1:9). ^ oi^a"": solvents, such as butanol 

like, to the aqueous pretreatment oT p7e-eSon r^Jl T"^ Pyndinium-derivatives. and the 

an organic phase, typically an alcohTor^ccho,^,S^^'"a3^!^^^^^ - -"^'V <^-o'ved in 

organic phase including the cationicdeteraent r^fh!T ^e^cnbed in more detail hereinbelow. The 
cationic detergent is aSle tJZ^ l^^l^^^ ^^^^''^ pretreatment medium are mixed so that the 

soluble in low salt aqueous solutions l?^,?ptStirn irthe oTnt" " ''"'""'"'^^^ ^P^"9'V 
equilibrate and separate into aqueous and orgSJ^ ph ^ ""^ '"'^^^ allowed to . 

Optionally, the cationic detergent mav tie ariH^^n '^ «, 
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be in the range from about 0.1 to 5% by weight, resulting in the precipitation of nucleic acid-detergent 
complexes (which are substantially insoluble in low salt aqueous media). The cationic detergent added will 
usually, although not necessarily, be dissolved in water prior to addition to the pretreatment medium. After 
addition of the cationic detergent, the insoluble complexes may be separated from the aqueous pretreat- 

5 ment medium, typically by centrifugation or filtration. The separated complexes may then be combined with 
the organic phase where the complexes will dissolve. The nucleic acids may then be separated from the 
organic phase as described in more detail hereinbelow. 

Usually, a chelant capable of complexing with bivalent or multivalent endogenous cations will be 
present in the extraction medium. The chelant will inhibit binding between the endogenous cations and 

10 polyanionic . nucleic acids. Such binding by endogenous cations blocks binding by the cationic detergent 
and inhibits subsequent extraction of the nucleic acids. Suitable chelants include ethylenediaminetetraacetic 
acid (EDTA) ethylene glycol bis ()9-aminoethyl ether) tetraacetic acid (EGTA), 8-hydroxy-2-methylquinoline, 
8-hydroxyquinoline-5-sulfonic acid, 1.10-phenanthroline. 8-quinoIinol, salicylate, and the like, usually being 
present in the extraction medium at from about 0.005 to 0.3M. more usually being present at from about 

75 0.01 to 0.05M. 

Suitable cationic detergents include those having cations which are soluble in an organic solvent and 
substantially less soluble in water. The detergent cations are capable of binding the polyanionic nucleic 
acids to form a complex which will preferentially migrate into the organic phase as a complex in an organic- 
aqueous phase mixture. Suitable detergents include quaternary ammonium salts, quaternary phosphonium 
20 salts, amine oxides, pyridinium-derivatives, and the like. Primary, secondary, and tertiary amines may also 
be suitable as detergents when protonated. 

Quaternary ammonium and phosphonium salts will generally have the following formula: 

I 

- ye - X® 



30 



wherein Y is N or P, and R is aliphatic, alicyclic. or aromatic usually having at least about 6 carbons, more 
usually being an alkyi or alkenyl group having at least about 14 carbons, and frequently being 16 carbons 
or more. R2. Ra. and R4 are hydrogen, aliphatic, alicyclic, alkoxy or aromatic, usually being alkyl, alkenyl. or 
aryl, having 9 or fewer carbons, more usually having 6 or fewer carbons, typically being methyl, ethyl, 
propyl, or phenyl. X is a halogen or other compatible anion, usually being bromide, chloride, or acetate. 

Exemplary quaternary ammonium salts include cetyltrimethyl ammonium bromide, cetyltrimethyl am- 
monium chloride, cetyldimethylethylammonium bromide, benzyldimethylhexadecylammonium bromide, 
cetyldimethylethyl ammonium chloride, trimethyltallow ammonium chloride, trimethyltallow ammonium bro- 
mide, and the like. Exemplary phosphonium ammonium salts include tetraphenyl phosphonium bromide, 
tetrabutyl phosphonium chloride, and the like. 

Amine oxides will generally have the formula: 



45 



50 
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R2 

I 

Rl - N® - O© 

I 

wherein Ri is aliphatic, alicyclic. or aromatic, having at least about 6 carbons, usually having at least about 
10 carbons, and preferably having in the range from about 12 to 18 carbons. Rs and R3 are hydrogen, 
aliphatic, alicyclic. alkoxy or aromatic, usually being alkyl or alkoxy having fewer than 9 carbons, more 
usually having fewer than 6 carbons. 
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oxide^^^cfSe l*f ' '"""'^ bls(2.hydroxyethyl) cocoamine oxide. bls(2-hydroxyethy., tailowamine 

N* ^^'^'"'^•^P^ ca«onic detergents will generally have the following formula: 

organic phases will then be mixed tvoicaliv ^ ^'^^f®^' ™® 

volume), mo™ JZly^ Z^JTfL '° """"^ Pte»»,gaolc phase (by 

™m^. ^ ,;i:,-;r ';»=r^i-rrjr: 

eeol'Z.r'^iZ,? i";SS«ol'Sr sep„a«o„ p„oe,, i« d«„*ed b, comb,«„g .he 
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diameter in the range from about 0.5 to 2 cm and a height in the range from about 2 to 10 cm generally 
being suitable. The device 10 is employed as follows. 

One to ten milliliter of a clarified aqueous lysate (prepared from a biological samples as described 
above) is placed in the left tube 12 of the extraction device 10. A high salt aqueous phase of 1 to 10 ml is 
5 placed in the right tube 14. while 2 to 20 ml of organic solvent containing 0.001 to 0.5M of the cationic 
detergent is then overlaid so that the return tube 22 is completely filled with the organic phase. The organic 
• phase is pumped from the upper end of tube 12 at a rate of 0.1 to 10 ml per minute simultaneously to the 
lower levels of both aqueous phases, at identical or different rates, for 10 to 30 minutes. Nucleic acids are 
thus transferred from the aqueous phase in tube 12 to the high salt solution in tube 14. with equilibrium 
10 being maintained by the return tube 22. After the extraction is complete, the high salt solution may be 
separated and employed for hybridization testing. 

Alternatively, separate siliconized test tubes may be employed for continuous separation as illustrated 
in Fig. 2 and described as follows. 

One to ten milliliters of the clarified aqueous lysate is placed in a first test tube 30 of appropriate size. 
75 On top of the aqueous phase Is placed 1 to 3 volumes, usually 1 volume, of an organic solvent containing 
0.001 to 0.5M of a suitable cationic detergent, usually about 0.3M. The top organic phase is circulated by a 
pump 32 at a rate of 0.1 to 20 ml per minute to the lower level of the aqueous phase for 5 to 30 minutes 
while the nucleic acids are transferred from the aqueous phase to the organic phase (Fig. 2A). The organic 
phase is then pumped to a second test tub»e 34 (Fig. 2B) containing 0.25 to 3 volumes of a high salt 
20 concentration aqueous medium, typically from 0.3 to 1 M. usually at about 0.4 M salt. The top organic 
phase is pumped at a rate of 0.1 to 20 ml per minute for 5 to 30 minutes to the lower level of the aqueous 
phase while the nucleic acids are transferred back to the aqueous phase. The aqueous phase may then be 
recovered for hybridization testing. 

The following examples are offered by way of illustration, not by way of limitation. 

25 

EXPERIMENTAL 



30 

Example 1 

A 2 gram fecal sample was uniformly suspended with 50 mM glucose. 0.2 M EDTA (pH 7.49). and 25 
mM Tris-HCl (pH 8.0). The solution was then adjusted to 20 mg/ml lysozyme and incubated at 23* C for 15 
35 minutes. Sodium dodecyl sulfate (SDS) was then added to a final concentration of 0.2% to lyse the 
suspended cells in the solution and pronase was then added to give a concentration of 1 mg/ml. The 
suspension was incubated a further 60 minutes at 23* C. at which time insoluble materia] was removed by 
centrifugation at 1200 x g for 5 minutes. The aqueous supernatant was carefully decanted and the pellet 
discarded. 

40 The aqueous phase of the fecal extract was then mixed intimately by vigorous vortexing for 30 seconds 
with an equal volume of hexanol-octane (1:9) containing 3% cetyltrimethylammonium bromide (CTAB) (w/v), 
followed by centrifugation at 2000 x g for 2 minutes. DNA recovery of 96% was observed In the organic 
phase. 

45 

Example 2 

Same as Example 1 except that 0.1% CTAB was used instead of 0.2% SOS. DNA recovery of 70% was 
observed in the organic phase. 

50 

Example 3 

Same as Example 1 except that 0.1% CTAB was used instead of 0.2% SDS. and. prior to the organic 
55 extraction, CTAB was added to the aqueous phase to bring the final concentration to that observed in the 
organic phase. DNA recovery of 80% was observed In the organic phase. 



7 
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20 



Example 4 



"*dr was e««c«. 



Example 5 



contained 80% of the DNA was extracted wi* i !n Mr^ 1 i , aqueous phase, which 



25 Example 6 



30 



centrifugation (5 min: 2000 X 01 The nrn«nio «hT- . • P''^® separated by 



35 



40 



Example 7 



(1- J^-rSTr n!^^"* P'^P*''^'* ^^P'^ * ^'^<^^<=' 2 volumes of 0.2 M CTAB in hexar,ol octane 

(i.3>. The organic phase contained ahonf aqo/ ^< , . . ^'mo in nexanoi. octane 

separation b/centri^gaL rr^^sSS^x a? ^h^nl^^^^^^^^^^ '"'''"^ ''^ <S°>^) ^"^ 

1 volume 1M sodium Ltate lira lool yieW ' "'^^ ^"^^ ^'^^''^ ^^^^^ 

DNA can be extracted from different biotogical samples with an unoptimized yield as shown in Table 1. 



TABLE 1 



CTAB Extraction of Nucleic Acids from Bioloqical Samoles 


Sample 


Method 


Unoptimlzed % Yield 
in Organic Phase 


Blood 

Urine 

Urine 

Serum 

M16RNA 

16S. 23S RNA (E coll) 


Example 4 
Example 4 
Example 7 
Example 4 
Example 5 
Example 5 


40-50 
45-60 
60 
45-70 
70 
65 



Example 8 
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A 4 ml clarified aqueous iysate (CTAB was used as the lysing detergent) was placed in a 15 ml 
siliconized test tube and 1 volume of hexanol/octane (1:9) containing 3 g/100 ml CTAB was layered on the 
aqueous Iysate. The top organic phase was pumped at a rate of 1 ml/min to the lower level of the aqueous 
phase for 10 min. when 80% of the nucleic acids were transferred to the organic phase. The organic phase 
5 was then layered over 1 volume of 0.4 M sodium acetate in a second test tube. The top organic phase was 
then pumped at a rate of 1 ml/min to the lower level of the aqueous phase for 1 5 minutes when 50% of the 
total nucleic acids were transferred to the aqueous salt solution. The example illustrates the method as 
described in reference to Fig. 2, 

Although the foregoing invention has been described in some detail by way of illustration and example 
10 for purposes of clarity of understanding, it will be obvious that certain changes and modifications may be 
practiced within the scope of the appended claims. 

Claims 

1. A method for extracting nucleic acids from a complex biological sample prior to performing a 
hybridization assay, said method comprising: 

pretreating the sample to release nucleic acids and contaminating materials therefrom into a first aqueous 

phase; 

20 combining the first aqueous phase with an organic phase in the presence of a preselected concentration of 
a cationic detergent, whereby the detergent forms complexes 'with nucleic acids which enter the organic 
phase leaving the contaminating materials in the first aqueous phase; 
separating the organic phase including the nucleic acids; and 

combining the separated organic phase with a second aqueous phase in the presence of a preselected 
25 concentration of an inorganic salt, whereby the complexes dissociate and the nucleic acids enter the 
second aqueous phase and are available for hybridization testing. 

2. A method for extracting nucleic acids from a complex biological sample prior to performing a 
hybridization assay, said method comprising: 

combining an organic phase produced by: 
30 (a) pretreating the sample to release nucleic acids and contaminating materials therefrom into a first 

aqueous phase; 

(b) combining the first aqueous phase with an organic liquid in the presence of a chelant and a 
preselected concentration of a cationic detergent selected from quaternary ammonium salts, the group 
consisting of phosphonium salts, amine oxides, and pyridinium-derivatives whereby the nucleic acids form 

35 complexes with the detergents which enter the resulting organic phase leaving the contaminating materials 
in the first aqueous phase; and 

(c) separating the organic phase; with a second aqueous phase in the presence of a preselected 
concentration of an inorganic salt, whereby the nucleic acid-detergent complexes dissociate and the nucleic 
acids enter the second aqueous phase and are available for hybridization testing. 

40 

3. A method for extracting nucleic acids from a complex biological sample prior to performing a 
hybridization assay, said method comprising: 

combining an extracted organic phase produced by: 

(a) pretreating the sample to release nucleic acids and contaminating materials therefrom into a first 
45 aqueous phase; 

(b) combining the first aqueous phase with an organic liquid in the presence of a chelant and a 
preselected concentration of an anionic detergent, whereby contaminating proteins form complexes with the 
detergent and pass into the organic liquid; 

(c) separating the organic liquid from step (b); 

50 (d) combining the aqueous phase from step (b) with an organic phase in the presence of a chelant 

and a preselected concentration of a cationic detergent, whereby the nucleic acids form complexes with the 
detergent and preferentially pass into the organic phase leaving contaminating materials in the aqueous 
phase; 

(e) separating the aqueous phase to produce the extracted organic phase; 
55 with a second aqueous phase in the presence of a preselected concentration of an inorganic salt, whereby 
the nucleic acid-detergent complexes dissociate and the nucleic acids enter the second aqueous phase and 
are available for hybridization testing. 
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preheating the sample to release nucleic adds and contaminating materials therefrom into a first aqueous 

contaminating materials in the SiueouspSS^^ "^""^ * P^'^^" °' 

separating the precipitated nucleic acid-detergent complexes from the first aaueous nh««:«- 
ro SjSrn^f '""■'5*'*^' ""^'"■'^ -'^-^^'-'-t complexes wi^h "roScXe an?' 

microorganisms. ' ' ^' °' ^P'« suspected of containing 

sele^eS f^m^Se gr^up'SllTo^^^^^^^ ""''t ^ ^^'"'^'^ microorganism is 

terspp.. ClostriJum dStSct^NacTyJ^^^^ ShigeUaspp.. Campylobac- 

2o Entamoeba histolytica, and %rcr!sSum Z ^terol,tH:a. Candida albicans. Giardia iamblla. 

seleLd rr J grot'consr^^^^^^ 1^ '^^^^^ ^"^ -croorganism is 

Human lmmunodefiden<J CTuman ^STumnh^Z^fJ Papillomavirus. 
Virus, Epstein-Barr Virus Sfrepfococc^^^ Cytomegalovirus. Hepatitis A and B 

.om -rurc?n;rg^%:^^^^^^^^ Is selected 

Lyumphotrophic Viruses. Escherichia coll. Srap/,XoXu7aL^f """'^ 
c™on.. .se„^„«,as aen,..osa ^^Ss^^ 'a^"^^^^ 

combLl: X deiigSr " ^"""'^ ^'^^'^^ ^'^^'tion of an enzyme in 

mixtlJe." ^' -9-- P^-e is an alcohol or alcohoUalkane 

is an'Lmerrre " CH3(CH„„0H. where n = 1 to 20. or 

(CHJirr: ™0."r rro^r.^^^^^^^^^^ ~ - formula CH. 

phosphoniur^:ft Slea^^from^'e groVc:;^^^^^^^^^^ 'l!."'^ 'r^^"* ^ ^"^^^^ — - 
ammoniumchloride. cetyldrmSeZSnS^^ btL» ^^^"^^^^^onium bromide, cetyltrimethyl 
tallowammonium chloS^e SSSTc^^^^ ce^ld.methylethylammonium chloride, trimothyl 

tetrabutyiphosphoniumchteride ^^t^P^enylphosphonium bromide, and 

me group S>nsiS„?^ t^^^Lt^^^^^^^^ -tlonic deferent Is an amino oxide selected from 

16. A method as In cl^^Ti rT^^r i^'''^^^^^^^^ 
selected from the group Ss^^a i' cLtvHH k ''^ ^ Pyridinium-derivative 

pyridinlum diloride. «"«'«f"g cetylpynd.n.um bromide, cetylpyridinium chloride, and lauryl. 

at a rn In^tTe rSge^ Jom' ^out oCm ?SM^°"'^ ^"^'^^"^ ^ P^- 

of s^J^urcSSridTp'rt^rr^ chlt'riSe° m^^^^^^^ SoriSr T \r^''' '^'^ ^'^^'^ 
Chloride, arnmonium'acetate. and ^^onT^^^ ««tate. ammonium 

conc^nt^rtt^^'^^^^^^^^ ''^ P^- at a 
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20. A method as in claims 1 , 2. 3, or 4, wherein the sample is .extracted with a chelant In an organic 
solvent prior to pretreatment to release the nucleic acids and residue materials. 

21. A method as in claims 2. 3. or 4, wherein the chelant is selected from the group consisting of 
EDTA, EGTA, 8-hydroxy-2-methylquinoline. 8-hydroxyquinoline-5-sulfonic acid, 1,10-phenanthroline. 8- 

5 quinolinol. and salic acid and is present at from about 0.005M to 0.3M. 

22. A method as in claims 1, 2, 3. or 4. further comprising separating the organic phase from the 
second aqueous phase by centrifugation. 

23. A method as in claim 4, wherein the precipitated nucleic acid-detergent complexes are separated 
from the first aqueous phase by filtration or centrifugation prior to dissolving. 

TO 24. A method for performing nucleic acid hybridization assays to detect the presence of microorgan- 
isms in complex biological samples, said method comprising: 

pretreating the sample to release nucleic acids and contaminating materials from the microorganisms into a 
first aqueous phase; 

combining the first aqueous phase with an organic phase in the presence of a preselected concentration of 
75 a catlonic detergent, whereby complexes of the nucleic acids form and enter the organic phase leaving the 
contaminating materials substantially In the first aqueous phase; 
separating the organic phase; 

combining the separated organic phase with a second aqueous phase in the presence of a preselected 
concentration of an inorganic salt, whereby the complexes dissociate and the nucleic acids enter the 
20 second aqueous phase; 

combining at least one detectable nucleic acid probe with the second aqueous phase under hybridization 
conditions; and 

detecting the presence or absence of probe hybridization complexes. 

25. A method as in claim 24. wherein the complex biological sample is selected from the group 
25 consisting of blood, plasma, serum, urine, sputum, lavage, saliva, semen, tissue, and fecal samples. 

26. A method as in claim 24. wherein the biological sample is a fecal sample and the microorganism is 
selected from the group consisting of Adenovirus, Rotavirus, SalmonellB spp.. Shigella spp.. Campylobac- 
ter spp., Clostridium difficile, Escherichia coh\ Yersinia enterolitica, Candida albicans, Giardia lamblla. 
Entamoeba histolytica, and Microsporidium spp. 

30 27. A method as in claim 23, wherein the biological sample is sputum or lavage and the microorganism 
is selected from the group consisting of Adenovirus. Respiratory Syncytial Virus, Human Papillomavirus, 
Human Immunodeficiency Virus. Human T-Cell Lymphotrophic Viruses, Cytomegalovirus, Hepatitis A and B 
Virus. Epstein-Barr Virus, Streptococcus pyrogenes (Group A beta-hemolytic streptococci), Streptococ- 
cus pheumoniae, Haemophilus influenzae. Staphylococcus aureus Klebsiella pneumoniae 

35 Pseudomonas aeruginosa. Neisseria meningitidis, Neisseria gonorrgoea, Chlamydia trachomatis, Es- 
cherichia coll, Mycobacterium tuberculosis, Spirochaetales, such as Treponema spp.. Candida al- 
bicans, Histoplasma capsulatum Coccidiodes imitis, and Pneumocystis carina 

28. A method as in claim 24, wherein the biological sample is blood and the microorganism is selected 
from the group consisting of Human Immunodeficiency Virus, Hepatitus A and B Virus, Human T-Cell 

40 Lyumphotrophic Viruses. Escherichia coii. Staphylococcus aureus, Klebsiella pneumoniae. Streptococ- 
cus pneumoniae, Pseudomonas aeruginosa, Spriochaetales, such as Treponema spp., and Toxoplasma 
gondii. 

29. A method as in claim 24, wherein the sample is pretreated by addition of an enzyme in combination 
with a detergent. 

45 30. A method as in claim 24, wherein the organic phase is an alcohol or alcohol/alkane mixture. 

31 . A method as in claim 30, wherein the alcohol has the formula CH3{CH2)„OH, where n - 1 to 20, or 
is an isomer thereof. 

32. A method as in claim 30, wherein the alkane has the formula CH3(CH2)nCH3. where n = 5 to 20, or 
is an isomer thereof. 

50 33. A method as in claim 24. wherein the cationic detergent is a quaternary ammonium or phosphonium 
salt selected from the group consisting of cetyltrimethyl ammonium bromide, cetyltrimethyl ammonium 
chloride, cetyldimethylethyl ammonium bromide, cetyldimethylethyl ammonium chloride, cetylpyridinium 
bromide, cetylpyridinium chloride, trimethyltallow ammonium chloride, trimethyltallow ammonium bromide, 
and the like. Exemplary phosphonium ammonium salts include tetraphenyl phosphonium bromide, 

55 tetraphenyl phosphonium chloride, and the like. 

34. A method as in claim 24, wherein the cationic detergent is an amine oxide selected from the group 
consisting of bis(2-hydroxyethyl) cocoamine oxide and bis(2-hydroxyethyl) tallowamine oxide. 
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@ Nucleic acid extraction method. 

@ Nucleic acids are extracted from biological sam- 
ples by pretreating the samples to release the nu- 
cleic acids and contaminating materials into an 
aqueous phase. Optionally, the samples may be 
extracted with an anionic detergent in an organic 
solvent prior to release of the nucleic acids. The 
aqueous phase is then combined with an organic 
phase in the presence of a cationic detergent ca- 
pable of forming water insoluble complexes with the 
nucleic acids. Usually, a chelant will also be com- 
bined with the aqueous phase. The complexes are 
preferentially partitioned into the organic phase and 
are thus separated from the contaminating materials 
which remain in the aqueous phase. The nucleic 
acids may then be transferred back to a second 
aqueous phase by combining the organic phase with 
water in the presence of an inorganic salt selected to 
displace the detergent cation. After separation of the 
organic phase, the second aqueous phase contain- 
ing the nucleic acids may be used for conventional 
hybridization testing. 
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